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-IHTEODUCTIOH- 

The  author  in  attenpting  to  introduce  so  broad  a  subject 
as  "Theoretical  Reinforced  Concrete  Designing"  has  found  no 
little  difficulty.  "Volumes  have  been  written  on  Reinforced  Con- 
crete Designing  and  to  condense  the  works  of  prominent  writers 
in  connection  with  a  limited  discussion  of  the  various  theories, 
proposed,  has  been  the  object  in  view.   I  have  endeavored  to 
discuss  these  theories  intelligently  so  that  the  reader  will  be 
able  to  understand  my  reasons  for  pursuing  the  lines,  I  do,  in 
the  following  discussion  on  the  design  of  the  Reinforced  Concrete 
Building. 

The  theory  of  reinforced  concrete  has  been  the  subject  of 
much  study  by  engineers  and  mathematicians  for  a  number  of  years. 
Theoretical  investigations  in  conjunction  with  practical  tests 
have  been  made  and  much  valuable  data  obtained,  but,  unfort- 
unately, I  have  found  very  little  uniformity  in  tests  made  by 
different  experimenters  and  discrepancies  in  results  necessarily 
appear,  nevertheless,  much  knowledge  has  been  obtained  regard- 
ing the  practical  and  theoretical  solutions  of  problems  in- 
volved in  Concrete  buildings,  and  such  results  will  be  incor- 
porated in  this  work. 

As  the  main  object  of  reinforced  concrete  is  to  secure  a 
material  which  will  withstand  strains  due  to  transverse  load- 
ing, it  is  of  prime  importance  to  secure  a  theoretical  formula 
or  formulas  for  use  in  the  design  of  the  section  of  beams. 
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girders,  columns,  and  slabs  at  the  point  where  the  bending  mcma- 
ment  is  a  maxinum.   It  is  desirable,  if  possible,  to  secure  a 
rational  fomula,  but  it  is  not  absolutely  essential  to  success- 
ful design  that  the  foiraulas  be  rational,  as  enpirical  fomulas, 
if  properly  applied,  may,  and  do  agree  closely  enough,  for  all 
practical  purposes,  with  the  results  obtained  from  actual  tests 
upon  reinforced  concrete  pieces.  Many  such  formulas  are  used  in 
the  design  of  reinforced  concrete  stimctures,  yet,  other  things 
being  equal,  it  is  desirable  to  use  the  foimula  or  fomulas 
which  embody  most  fully  all  conditions  entering  into  the  problem. 

In  order  to  make  a  more  extensive  research  of  theoretical 
desigTiing,  I  have  divided  the  Thesis  into  three  chapters,  each 
of  which  will  have  a  definite  object  and  simplify  the  work. 
Chapter  one  will  contain  the  development  of  various  theories  with 
a  limited  discussion  upon  each.  Those  theories  chosen  are  the 
most  widely  used  in  this  country  at  the  present  time  and  I  will 
be  better  fitted  to  argue  for  the  one  used  in  designing  my  build- 
ing after  discussing  each. 

Following  several  of  the  discussions,  the  author  has  at- 
tempted, to  show  by  means  of  a  practical  problem  wherein  his 
theory  of  designing  is  best,  both  in  economy  of  material  and 
subsequent  cost,  and  in  ease  of  application. 

Chapter  two  will  contain  all  the  data  necessary  for  design- 
ing the  three  story  Reinforced  building;   the  erection  drawings 
and  plans  of  the  same  will  be  included  in  this  part;  all  de- 
signs of  beams,  floor  slabs  and  columns  and  such  other  details 
as  would  be  required  by  the  contractor  for  the  complete  erection 
of  the  proposed  structure  will  be  shown.   The  application  of 
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the  selected  foimula  and  the  results  computed  by  using  these 
is  embodied  in  Chapter  2.   Only  such  architectural  principles 
have  been  employed  as  will  aid  in  the  general  appearance  of  the 
building,  and  at  the  sane  time  furnish  a  structure  best  fitted 
for  the  purpose  to  which  such  a  building  could  be  put. 

In  Chapter  three  will  be  found  the  specifications  and 
regulations  governing  the  erection  of  the  proposed  building. 
Such  limitations  and  rules  have  been  incorporated  in  this 
section  as  will  bind  the  contractor  to  honest  work  and  insure 
the  erection  a^d  completion  of  the  building  in  a  thoroughly 
workman- like  manner. 

Regulations  governing  the  quality  and  mix  of  the  con- 
crete, the  building  of  foms,  placing  of  reinforcement  and 
concrete  are  therein  specified. 
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Chapter  I. 

The  subject  of  beam  theories  will  be  considered  first. 
The  present  trend  of  thought  on  the  flexure  of  beans  seens  to 
be  to  develop  a  rational  formula  and,  after  securing  such  a 
one,  to  detenaine  as  closelj  as  possible  the  value  of  certain 
factors  contained  therein,  inserting  these  approximations, 
neglecting  other  unimportant  factors,  and  then  reducing  and 
simplifying  these  rational  foiraulas  until  they  take  the  form 
of  straight  line  formulas.   A  careful  study  of  the  various 
theories  has  caused  me  to  choose  the  one  presented  by  Prof. 
Hatt  to  the  Western  Society  of  Engineers.   His  formulas  when 
reduced  become  very  simple  in  application. 

The  theory  of  the  reinforced  concrete  pieces,  strained 
in  flexure,  is  usually  based  upon  the  following  assumptions. 

First:-  That  sections  plane  before  bending  remain  plane 
surfaces  after  bending,  ••.ithin  the  elastic  limit  of  the  steel. 

Second;-  The  applied  forces  are  parallel  to  each  other 
and  perpendicular  to  the  neutral  surface  of  the  beam  before 
bending. 

Third:-  The  values  of  the  coefficients  of  elasticity  ob- 
tained in  direct  tension  and  compression  apply  to  the  material 
under  stress  in  beams. 

Fourth: -  There  is  no  slipping  between  the  concrete  and 
steel  reinforcement,  but  the  two  form  so  perfect  a  union  that 
they  will  act  together  as  practically  homogeneous  material. 

Fifth: -  There  are  no  initial  stresses  in  either  the 
concrete  or  the  steel  due  to  shrinkage  of  the  concrete  while 
setting. 
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Sixth:-  The  entire  tensil  stress  is  carried  by  the  steel. 

(a)  The  assumption  that  sections  plane  before  bending  remain 
plane  after  bending  within  the  elastic  limit  of  the  steel,  is 
universally  adopted,  numerous  tests  have  been  made  to  authenti- 
cate this  theory  and  the  results  agree  so  closely,  that  the  de- 
signer is  safe  in  accepting  the  assumption. 

(b)  It  is  essential  for  the  purpose  of  analysis  that  the 
applied  forces  shall  be  parallel  to  each  other  and  perpendicu- 
lar to  the  neutral-axis;   otherwise  it  will  be  necessary  to  re- 
solve the  forces  into  components  parallel  and  perpendicular  to 
the  neutral  axis.   Such  an  operation  will  introduce  another 
unknown  quantity  and  complicate  the  problem. 

(c)  It  is  assumed  that  the  coefficient  of  elasticity  of  con- 
crete is  variable  within  the  limits  of  stress  and  an  assumption 
is  always  made  as  to  the  form  of  the  stress  strain  curve  of  con- 
crete in  compression.   There  are  various  theories  advanced  for 
the  foim  of  this  curve,  but  in  the  discussion  following  I  assume 
that  the  curve  is  a  parabola. 

(d)  As  has  been  stated,  the  utility  and  safety  of  a  reinforced 
concrete  structure  depend  largely  upon  the  bond  between  the  two 
materials.   In  order  to  increase  this  union,  mechanical  means 
are  employed  and  should  be  used  so  that  the  stresses  may  be 
more  easily  transmitted  from  the  concrete  to  the  steel.   It  is 
desirable  in  designing  reinforced  beams  to  use  a  number  of  small 
bars  in  preference  to  one  or  more  large  bars  of  equal  area;  by 
so  doing  the  two  materials  approximate  more  closely  a  homogeneous 
material. 

(e)  Experiments  have  shown,  and  it  is  universally  accepted. 
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that  initial  stresses  are  set  up  in  the  steel  and  concrete  due 
to  shrinkage  of  the  concrete  ■while  setting,  but  these  stresses 
•are  so  small  that  they  can  he  neglected  in  developing  a 
foimula  for  flexure,  without  materially  endangering  the  life 
of  the  structure. 

(f)   The  results  of  recent  tests  seem  to  indicate  that  the 
tensile  strength  of  concrete  should  he  neglected;  at  best 
the  allowable  tension  on  concrete  is  very  snail  and  we  are  on 
the  safe  side  in  assaming  the  tension  to  be  carried  entirely 
by  the  steel.   It  is  advisable  that  the  tension  in  the  lower 
part  of  the  beam  shall  not  be  so  great  that  the  elongation  of 
the  concrete  shall  exceed  ,001  of  its  length. 

In  explanation  of  the  following  formulas  the  symbols 
used  will  designate  the  respective  terras  as  follows: 

Let  Eg  -  Modulus  of  elasticity  of  steel. 

Eq  =  Modulus  of  elasticity  of  concrete  in  compression. 

Fs  =  unit  tensil  stress  in  steel. 

Fq  =  unit  compressive  stress  in  concrete. 

As  =  Area  of  steel  in  tension. 

A  s  Area  of  cross-section  of  concrete  from  the  upper 

face  of  beam  to  center  of  reinforcement.  A  s.  bd. 
^^  s  unit  elongation  of  steel  in  tension. 
Ac  -   unit  compression  of  extreme  fibres  of  concrete  in 

compression, 
b  -  breadth  of  beam  in  inches. 
d  -  depth  of  reinforcement  below  compression  face  of 

beam  or  the  effective  depth. 
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xd  s  distance  of  neutral  axis  fron  compression  face 
of  tieain. 

p  =  X^  r  ratio  of  cross-section  of  steel  in  tension 

to  area  of  concrete  above  center  of  gravity  of  the 

steel. 

Es  =  ratio  of  modulus  of  elasticity  of  steel  to 
e  =  Ec 

concrete  taken  at  12. 

For  simplicity  assume  a  rectangular  beam  under  flexure;  the 
accompaJiying  figures  will  illustrate  the  section  and  give 
a  graphical  representation  of  the  deformation  and  stresses. 
The  above  symbols  being  applied  to  the  figure  serve  to  illus- 
trate more  fully  the  operations.    Applying  the  fundamental 
principles  and  assumptions  as  enumerated,  we  may  deduce  the 
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(a)  Lb)  (c). 

In  the  above  diagram  S  H  represent  the  neutral  axis 
Section  (a)  represents  a  cross-section  of  beam,  fig.  (b) 
the  defoimation  diagram  and  fig  (c)  the  graphical  representa- 
tion of  the  distribution  of  stresses.   Ac  will  be  the  de- 
fonnation  of  the  extreme  fibre  of  the  concrete  in  compression. 
As  the  unit  elongation  of  the  steel. 

low  from  (1)   Since  sections  plane  before  bending  are 
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plane  after  bending  it  follows  that, 

Ac   =  ^d 

PI   =  fc_. 
By  definition  Ec=  A\^  Ac      ^°^'  ^^^^  length. 

fs 
and   E„= 


A. 


fc 

3. 

fc                                        fs 

Therefore 
Ac 

Ec              and    As  =     Es 

3d                =   fc     ^.      Ep 

"         ^s 

^s 

-    d   (1-x)             ]2c     '^     :^ 

^s 

Sc     X  fs 

Solving  for  f^ 

fc     =       Ks   (J--3C) 

How  the  total  stress  on  the  concrete  above  the  neutral  axis 
is  represented  by  the  area  within  the  parabola  when  the  parabo- 
lic distribution  of  stresses  is  assuned,  for  a  unit  width  this 
stress  equals 

2/3  X  d  f Q 
and  for  a  beam  of  width  b  the  total  compression 

F  »  £/3  X  d  b  f „ 
c  ^ 

ITow  the  total  tension  in  the  steel  equals, area  tines  unit 
stress  or  Fg  =  Ag  fg 

For  eqailibriun  in  the  section  these  two  parallel  and  oppo- 
site forces  must  be  equal,  otherwise  as  a  couple  rotation 
would  result. 
Then  Ag  fg  =  2/3  x  d  b  f,, 

dividing  by  bd.  t     =•   2/3  x  f^ 

bd 

As      s   yO 
but  bd  =  A  and  by  definition  "X"        ^     (percentage) 
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Therefore:-  pf^  r   2/3  x  fc 

Ec  X  fs 
but  fc     =       JjIs   fl-z)      substituting  in  aVove  we  obtain 


2 


2  Ec  X     f s        or  p  _      E  Be  X 
^   ^  "     3  Es    (1-x)  "3~Ei~TiII) 

2    ^S 
Uow  reducing:   2/3  x    =  JT^   fl-s)  p 

from  which     e/3  x.^s     p^^.Eg   p_o 


Substituting      ^  e  Then  2/s  x-|-epx-ep=0 

Eg 


Solving  the   quadratic  for  x 
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or 


X  =    ^fpe±  mpeO^^pe) 


As  in  practice  the  values  of  e  and  p  are  assumed  and  by  solv- 
ing this  equation  x  may  be  found.  Finally,  when  the  position 
of  the  neutral  axis  is  known,  the  mocient  of  resistance  of  the 
"beam  may  be  found.    The  center  of  moments  being  located  at 
the  neutral  axis,  the  total  resisting  moment  of  the  beam  is 
equal  to  the  sum  of  the  moments  of  compression  in  the  concret( 
and  tension  in  the  steel.   Let  Mr  represent  the  resisting 
moment  of  the  beam. 

Then  II^  -  2/3  x  d  f^  b.  5/8xd-|-Ag  fs  ^   (1-x) 
or      5  2 


3^-    ^  X  5\S  iioxdw  c^orl 
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How  in  order  tlia'6  the  beam  shall  be  safe  the  resisting  moment 
mast  be  equal  to  or  greater  than  the  bending  moment. 

or  M^  a  M. 


(5  2  Aa  )        i 

M  =(T^  f.  X  4-  r^  fo  (1-z))  bd 


A 


The  coefficient  in  this  equation  contains  both  fg  and  fg 


fa) 


which  is  rather  an  inconvenient  forn\,  as  it  is  usual,  when  a 

^s 
definite  value  of  A-  cr  p  has  been  determined  for  use  in  the 

calculations,  to  assume  a  safe  working  value  for  either  fo  or 
fs,  compute  the  section  of  the  beam  and  then  determine  if  the 
working  value  of  fs  or  f^  as  the  case  may  be,  for  this  sec- 
tion comes  within  safe  limits. 

"Je   still  reduoethe  equation  for  !>I  as  follows: 

From  equation:     pfs  =  2/3  x  fc 

2  :;  f c  3pfj, 

f  3  =  lT~p      and  f  3= 


Substituting  these  values  successively  in  equation 

(a)  M  =  pfg  (1  -  I  X  )  bd^ 

to  be  used  v;hen  the  allowable  unit  stress  in  the  steel  is 

assumed  or 

M  =  I  X  fc  (  1  -  3/8  X  )  bd^ 

when  the  allowable  stress  in  the  concrete  is  assumed. 

It  can  be  readily  seen  that  the  coefficient  pfg  (l-Bs) 
will  be  the  governing  factor  when  a  low  percentage  of  steel  is 
used,  or  when  concreteof  high  strength  is  assumed.  And  the 
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3 
coefficient  s/Sxfc    fl-  'Sx)   •will  Ids  the  determining  factor 

when  a  high  percentage  of  steel  is  used,  when  a  steel  with  high 

elastic  limit  is  used  <6r  when  a  concrete  of  low  crushing  strength 

is  used. 

If  definite  values  for  p,  e,  fo  and  fg  "be  assumed  then 

these  two  coefficients  result  in  constant  quantities  and  may 

3 
he  represented  by  C.  Then  c  may  he  either  2/3  x  f^  (1-  "5"  x)  or 

P  fg  Cl-i  X). 

Then  the  equations  necessary  for  the  solution  of  a  problem 
in  beam  designing  are 

X  =  -  t  e  p  ^^^ef>(i+§ep) 
2/3  f Q  X  =  p  f i 
and        i:  =  G  bd^ 
By  assuining  values  for  x: ,  e,  f...  and  fc  two  values  of  C  will 
be  obtained  and  the  smaller  of  the  two  should  be  used  for  com- 
puting the  resisting  moment  of  the  beam. 

The  foregoing  theory  and  equations  based  on  legitimate 
assumptions,  though  based  on  a  parabolic  distribution  of  the 
stresses  which  some  designers  object  to  appears  to  the  author 
to  fulfill  all  the  requirements  and  result  in  members,  both 
economical  in  material  and  cost.   At  the  same  time  these  formu- 
las give  sizes  to  members  which  correspond  very  closely  to  re- 
sults computed  by  experience  and  what  is  more  they  stand  test. 

The  above  formulas  will  be  used  in  the  designing  of  all 
beans  and  girders;   the  floor  slabs  will  be  considered  as 
simple  beams  and  so  designed  as  to  have  their  length  from 
center  of  supj^orts  equal  to  the  distance  between  the  outside 
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of  beans.   The  reinforcing  in  the  slabs  running  parallel  with 
the  floor  beans,  will  be  of  such  amount  ^s  will  safely  provide 
for  temperature  stresses  in  the  slab  and  prevent  cracking.  Re- 
sults from  actual  practice  will  be  consulted  for  determining 
the  required  amount. 

The  beaEi  formulas  developed  by  Mr.  Edwin  Thatcher  M-Jim- 
Spc.  C.  S.  deserve  careful  consideration.   Though  he  has  made 
rather  irrational  assumptions  for  the  values  of  Sq  &  Es,  one 
can  after  deriving  the  formulas  make  whatever  assumptions  he 
wishes  and  reducing  the  equations  his  formulas  are  brought  in 
very  simple  form  and  are  very  easy  to  apply. 

He  bases  his  calculations  on  the  assumption 
1st-  That  sections  plane  before  bending  remain  plane  after 
bending. 

2nd-  That  the  steel  and  concrete  form  a  homogeneous  mass 
and  act  together  in  distribution  of  the  stress. 
3rd-  That  the  stress  -  strain  curve  is  a  straight  line,  or 
the  stresses  vary  from  the  neutral  axis  to  the  extreme  fibre 
as  the  ordinates  to  a  straight  line.   This  distribution  is 
based  upon  the  assumption  that  the  modulus  of  elasticity  of 
the  concrete  is  constant  throughout  the  whole  range  of  stress. 
4th-  Tensile  stress  in  the  concrete  is  neglected. 
5th-  The  loading  is  perpendicular  to  the  neutral  axis  before 
bending, 

Mr.  Thatcher  has  based  his  formulas  on  the  ultimate 
safe  loads.  When  applied  for  designing  a  factor  of  safety 
must  be  assumed  and  the  results  calculated  accordingly. 
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The  follOTwing  synbols  will  be  used  in  the  eaplanation  of  these 
foiiaalas. 

Fq  s  crashing  strength  of  the  soncrete  lbs.  per  sq,  in. 

fc  =  Compressive  strength  lbs  per  sq..  in.  in  concrete 

Fg  s  Tensile  strength  per  sq.  in.  steel 

fg  s  Tensile  stress  in  pounds  per  sq.  in.  on  steel. 


E, 


Modulus  of  elasticity  of  concrete 


Es   = 


steel 


Es 


12. 


A  =  area  of  steel  in  tension  for  1  inch  in  width  of  bean. 
1.=  length  of  beasi  in  feet  ^  span. 

M  s  Sending  moment  in  foot  lbs  for  1"  width  of  beam  (ultimate 
W  s.   load  at  center  including  weight  of  beam  for  1  inch 

in  width. 
w  -  uniform  load  per  linear  foot  including  weight  of 

beaca  for  1  inch  in  width. 
12  w  -  w*  uniform  load  per  sq.  ft.  (ultimate) 
The  various  distances  on  the  beam  are  shown  in  the  fig. 


^s-^ 


As  in  Prof.  Hatts  formulas  we  will  assume  that  there  is  steel 
in  the  tension  side  only  of  the  beams.   From  the  assumption 
that  sections  plane  before  bending  are  plane  after  we  have. 
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Eg  _^ 

=  e     y 

E. 


and 


l-\ 

3 

and     "FT 

■* 

Fc 
Fs 

Fc 

■■'•If 

e  y 

now  d=.z-j-y  =  ye  _l.  y 

Fs   ^ 

and  therefore, 

d 


y  -   (e  4^  -\-   1) 

also     X  =  d  -  y 

The  conditions  of  eqailihriun  require  that  the  total  tension  = 

the  total  compression.   Then,  since  the  area  F^  x/2  represents 

the  total  compression.      x  2  A  F 

F  "T"   -  A  F„   or  X  =   L_ 

c  ^  Fc 

Substituting  in  this  equation  the  value  of  Fc  as  found 
X  ^  =  2  A  e  y 

again         y  =  x___ 
~S~a  e 

2AFs 
Substituting  value  of  x  from  equation  x  =.  -gr- — 


e^  (4-) 


x+y 

'^  F 


Z  ^ 


2  A  Fg 


rY  A    S 


.-U 


:=   ^-t-K  ^    h 


■X' 

;  -rill! -13 

.no-r^ 

:.'£ 

- ' 

.  •  -  TT' 

r 

I 

;i  / 

"0 

[ 

0 

X    a 

b 
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-'Br^^a 


SolYing  for  A   A  =       [Fg    1  /Fs 
also  d  =  x+y=:  x+  2  A  e 


Therefore   x^ -)-  2  Ae  x  s  2  Aed 

2^+2  Aex  -  2  Aed  =  0 

X  ^lIzAed  +  iAef    -Ae  (i) 

UoOT   i-f  M-  resiating  raonent  of  the  beam 

Mc  =  "  MM  Qonorete  in  compression 

Mg  =  "  "        "  steel  in  tension 

Taking  the  neutral  axis  as  the   center  of  moments.      Then   if 

X  and  y  be  nieasured   in  inches 

/  2 

Fq     X  2/3  X  =       F     X 

Mq  =  H  *  °^  inch  lbs. 

Dividing  "h^   12  to  reduce  to  foot  lbs. 

2 

^c  ^     ft.  lbs. 

M^  =   

°        36 

aa^  Mg  =    Fs  A  y  inch  lbs. 

°^  ^^s  =    %f  y  ft  lbs. 

The  total  resisting  moment  =  M  s  Mq  -|-  M 

2  ^ 

0^  ^c  3C  Fg  A  y 

^'  =       -^^    +   -^T^ 

Fsx 


Substituting  for  Fc  its  value         ■~e~y 


d" 
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,   ^s  Ay 


=  56 


36ey     ^     12 

3  A  y/  (2) 


"sr 


low  for  a  simple  bean  aniformily  loaded 

w  =  1^   [  1 +    3  A  y/         f3) 


4.5  1    V   e  y 


3  A  y 


(4) 

9  1  ^  e  y 

Equations  (1),  (2),  (3)  and  (4)  will  fuxmish  all  the  necessary 
data  for  the  designing  of  a  bean  after  values  for  Fg,  Eq,  Eg, 
A,  d  and  1  are  assm.ied.   The  calculations  are  made  with  these 
assomptions  and  the  value  of  F^  found,  if  this  value  exceeds 
the  determined  strength  of  the  concrete  in  compression.  The 
values  of  M,W  or  w,  as  determined  by  the  equations  2,  3  and 
4  should  be  reduced  in  the  ratio  that  the  probable  ultimate 
compressive  strength  of  the  concrete  bears  to  Fq. 

Mr.  Thatcher  has  made  the  assumptions  for  values  of 
^s»  ^,  5's  w  etc.  and  compiled  tables,  which  aid  very  material- 
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ly  in  reducing  the  oalcalations.   By  applying  the  assumed 

values  in  the  formulas  and  reducing  the  equations,  formulas 
are  obtained  for  x,  M,  A,W  and  w  v?hich  are  very  simple  and 
can  he  applied  to  any  case  depending  on  the  age  of  concrete 
and  mixture,  or  in  other  words  the  factor  of  safety  used. 

These  formulas  are,  as  I  have  stated,  simple  in  appli- 
cation and  are  rational;  but  as  compared  with  Prof.  Hatts 
reductions  they  are  no  simpler  nor  are  they  based  on  more 
rational  assumptions;  on  the  contrary  they  include  a  greater 
number  of  assumptions  and  though  based  on  the  safer  distribu- 
tion of  stresses  as  straight  line  formulas,  their  results 
have  given  no  better  satisfaction,  but  a  greater  cost, 

COLUIIIf  FOHIUIAS:   THEORY  — 

The  round  hooped  columns  will  be  used  in  the  building 
proposed,  therefore,  the  theory  of  the  spiral  hooped  column 
will  be  discussed  and  a  formula  for  determining  the  amount  of 
steel  and  size  of  column  deduced.    Engineers  have  for  some 
years  designed  members  subject  to  direct  compression,  with 
little  knowledge  of  the  action  of  the  members  under  the  load 
and  those  that  have  stood  are  recorded  as  safe.   Such  irra- 
tional assumptions  may  be  correct  but  to  design  a  member  from 
a  rational  formula  based  on  theory  is  rather  a  difficult 
problem.    However,  I  have  tried  to  deduce,  or  compile  I 
may  say  a  formula,  based  as  nearly  as  possible  on  the  true 
theory  of  members  subject  to  direct  compression. 

In  recent  years  numerous  tests  have  been  conducted 
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on  miniature  columns  "but  very  few  experiments  have  been  per- 
formed on  members  properly  proportioned,  and  the  designer 
is  forced  to  accept  the  results  of  these  tests  and  make  his 
calculations  accordingly. 

These  tests  have  been  very  conclusive  in  proving  that 
a  compression  member  does  not  fail  from  shearing  along  planes 
inclined  to  the  axis  but  that  the  concrete  seems  to  breai  in 
longitudinal  planes  or  parallel  to  the  asis.  Prom  such  tests 
one  is  lead  to  believing  that  longitudinal  reinforcement  in 
the  columns  adds  little  to  the  strength  of  the  member.   There 
esist  such  uncertain  theories  as  to  the  action  of  colui:ans 
with  straight  reinforcement,  that  it  is  desirable  to  use  com- 
paratively low  working  stresses  in  the  concrete.  Factors 
of  safety  from  6  to  10  are  none  too  large. 

If  the  designer  can  distribute  the  reinforcing  metal 
so  that  the  coluinn  will  not  fail  as  explained  above,  then  the 
life  and  economy  of  the  structure  are  assured. 

The  resisting  power  of  concrete  may  be  increased  by 
reinforcing  it  against  lateral  yielding  either  by  shearing 
in  a  vertical  or  diagonal  direction  or  by  preventing  the  con- 
crete from  spreading  laterally  as  shortening  takes  place. 
From  tests  on  concrete  pieces  it  has  been  found,  that  when  a 
block  of  concrete  is  subjected  to  heavy  pressure  the  cohesion 
between  the  molecules  is  lessened  as  the  block  decreases  in 
height  and  increases  in  size  in  a  direction  perpendicular  to 
the  line  of  pressure.   This  tendency  of  the  molecules  to  flow 
horizontally  is  resisted  by  the  cohesion  and  friction  between 
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the  molecules.  How  we  see  that  if  we  can  confine  the  pillar 
of  concrete  from  this  spreading,  by  the  use  of  spiral  re- 
inforcement or  by  surrounding  it  with  a  tube  of  metal,  the 
resistance  to  compression  of  the  concrete  will  be  greatly 
increased. 

The  maximum  degree  of  efficiency  will  be  reached  when 
the  hooping  is  continuous  and  of  sufficient  strength  and 
rigidity  to  retain  the  component  parts  of  the  concrete  within 
definite  limits.  From  tests  on  concrete  in  compression  it 
has  been  found  that  the  leaner  mixtures  are  most  compressible. 
So  in  hooped  concrete  the  rich  mixture  should  be  employed,  since 
it- is  desired  to  have  only  a  minimum  compression  on  the  concrete 
before  the  hooping  is  brought  into  action. 

Some  designers  employ  the  longitudinal  reinforcing  rods 
in  the  columns  for  secondary  stresses  only,  claiming  that  previ- 
ous to  the  removal  of  the  forms,  preventing  the  spreading  of 
the  concrete  the  rods  will  carry  a  great  part  of  the  load  and 
prevent  rupture  in  the  concrete  subsequent  to  final  hardening. 
Such  an  assumption  is  surely  safe,  but  at  best  is,  in  a  meas- 
ure a  waste  of  steel  sjid  concrete,  because  the  sections  of 
columns  must  be  materially  increased  to  carry  the  final  load, 
when  according  to  their  assumptions  the  steel  is  not  stressed. 

There  is  no  question,  but  that  the  longitudinal  rods 
carry  part  of  the  direct  compression  and  assist  the  concrete 
as  long  as  they  are  not  stressed  beyond  the  elastic  limit. 
When  such  conditions  exist  the  longitudinal  rods  are  purely  a 
detriment  to  the  column,  for  they  will  surely  buckle  and  tend 
to  separate  the  layers  of  concrete  in  vertical  planes. 
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Considere  has  given  a  formula  determining  the  strength 
of  columns  reinforced  hoth  longitudinally  and  spirally  as  fol- 
lows.  Let  Ag  1  =  the  sectional  area  of  an  imaginary  longi- 
tudinal reinforcement  equivalent  to  the  hooping.   Then  if  As  = 

-^s 
area  of  the  rods  and  Ac  =  area  of  concrete,  e= 

^c_  elastic  limit  of  metal  in  compression  and 
/S  =  elastic  limit  of  hopping  in  tension  and 
/r  _  ultimate  strength  of  concrete  in  compression 
^  =  ^c  ^c  -^  /fc  As  ^  2.4  ^.^i 
or  P  =  Fc  (Ac  +  e  Ag  +  2.4  e  A^     ) 

The  constant  2.4  is  the  ratio  of  the  resistance  of  the  concrete 
due  to  the  hooping  to  the  resistance  of  the  concrete  due  to 
longitudinal  reinforcement.   This  constant  has  heen  determined 
"by  experiment  on  sand  confined  in  tuhes.   In  the  above  formula 
the  calculations  are  based  on  ultimate  strengths  of  both  con- 
crete and  steel,  a  factor  of  safety  must  therefore  be  introduced. 

The  above  formula  is  very  ambiguous  and  omits  any  ref- 
erence to  the  pitch  of  the  hooping. 

A  more  rational  formula  based  upon  e^rperiments  performed 
by  Considere  '."Jill  be  given, however^  in  this  fonsiula.  Eo  ac- 
count is  taken  of  longitudinal  reinforcement. 

In  his  experiments  he  found  that  the  compressive  re- 
sistance pf  a  prism  of  mortar  or  concrete  per  unit  of  area 
equals  1.5  f c  +  4.6  p',  when  f©  is  the  natural  unit  compressive 
resistance  of  the  concrete,  and  p  is  the  unit  pressure  exerted 
by  the  hooping  on  the  whole  of  its  lateral  surface. 
Now  let  S  -  pressure  per  sq.  in.  on  prism, 
d  s  diameter  of  prism  and  hooping. 
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p  =  external  radial  unit  pressure, 

z  s  distance  between  adjacent  coils  of  hooping,  for  single 
coils  equal  pitch, 

p'a  TknifoxK  unit  pressure  exerted  by  the  hooping, 

fgs  unit  compressive  stress  of  concrete, 

fgs   "  tensile  stress  of  hooping, 

A  =  sectional  area  of  column, 

As=  sectional  area  of  one  coil  hooping  metal. 

R„  =  unit  compressive  resistance  of  concrete  due  to  hoop- 
ing =  1.5  fc+  4.8  p'  . 

Considere  develops  this  formula  by  reference  to  the 
principles  of  hydrostatics,  we  are  then  privileged  to  say  that, 
the  internal  pressure  on  the  concrete  v;ill  be  resisted  by  an 
equivalent  external  pressure  caused  by  the  hooping. 

The  force  tending  to  cause  horizontal  rupture  is  Ed  z. 

The  tensile  stress  of  the  hooping  which  resists  this  force 
is  E  Ag  fg 

Therefore  2  Ag  f   s  R  d  z 

For  the  conditions  of  equilibrium   R  must  be  resisted  by  an 

er.ternal  pressure  p. 

or  2  Ag  fs   =  p  d  z 
2  As   fg 

whence  p  =     

d  z 

Substituting  pinl.Bfrj-f    4.8  p. 

9,6    Ae      fo 

Then  the  total  strength  ?  of  the  column  v^iill  be 

9.6  Ac,   fo 
P  =  A  Re  =  A   (   1.5  fe  +  ,      ^     '      ) 
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A  =  1/4 -rrd^  P  ^  1.2  f^  d^  -J-   "^'^  ^s  ^s  "^  for  cir- 

z.   calar  columns. 

This  formula  can  be  readily  applied  v?lien  values  for  f^  fg 
and  d  have  been  assumed.   The  value  of  As  oan  he  oaloulated  and 
the  necessary  amoimt  of  metal  in  hooping  determined  for  the  suc- 
cessive loadings. 

There  have  been  but  very  few  e3:periments  performed  on  con- 
crete columns  having  both  longitudinal  and  horizontal  reinforce- 
ment. Considers,  the  French  Engineer,  has  given  this  subject 
some  consideration  bat  I  am  not  at  all  satisfied  with  the  foimu- 
las  I  am  obliged  to  use.  A  large  field  in  testing  awaits  some 
progressive  Engineer  and  more  may  be  learned  regarding  the  action 
of  such  members. 

If  columns  are  so  designed  that  their  least  width  is  not 
less  than  one  twelfth  of  their  length  the  failure  of  such  a  member 
due  to  flexure  need  not  be  taken  into  account.   Any  such  action 
will  be  easily  carried  by  the  vertical  rods  bonded  to  the  concrete. 

-:  Design  of  floor  Slabs: - 

As  in  the  design  of  beams,  so  is  it  with  the  slab;   con- 
siderable difference  of  opinion  e;>:ists  as  to  the  manner  in  which 
they  should  be  proportioned  and  the  metal  required  as  reinforcing. 
It  seems  and  proves  very  satisfactory  to  design  these  slabs  as 
simple  beams  uniformily  loaded;  placing  enough  steel  in  the 
lower  portion  of  the  slab  to  provide  for  tension,  and  enough  steel 
transversely  with  the  member  to  care  for  temperature  and  initial 
setting  stresses. 

The  method  employed  in  the  concrete  building  will  be  as  here 
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there  is  some  discassion  aaong  Engineers  as  to  the  correct  value 
of  M,  but  the  above  value  is  certainly  conservative,  and  77hen  one 
considers  that  a  slab  is  continuous  over  a  least  one  support  this 
value  is  not  a  reckless  guess.  At  present  jimerioan  engineers 
are  designing  slabs  -/Jith  the  above  fonnula  and  obtain  sections 
aaply  able  to  carry  the  loads. 

Cross  reinforcenent  that  is,  steel  rods  parallel  to  the 
principle  beams  upon  which  the  slab  rests  in  addition  to  the 
principal  bearing  rods,  as  stated,  is  customarily  used  to  pre- 
vent shrinkage  and  temperature  cracks  and  necessarily  gives 
added  strength.   If  expansion  joints  are  provided  at  frequent 
intervals  the  necessity  of  these  rods  is  questioned,  but  most 
generally  the  expansion  joint  is  unsightly  and  affords  an  ex- 
cellent place  ^for  dirt  to  collect. 

Llr.  A.  L.  Johnson  has  atteiapted  a  mathematical  demonstration 
of  how  to  prevent  cracking  due  to  temperature.  He  states  tliat 
the  quantity  of  metal  used  should  be  enough  to  equal  the  tensile 
strength  of  the  concrete  at  the  elastic  limit  of  the  metal.   Thus 
if  we  call  the  tensile  strength  of  a  1  -  2  -  4  mixture  £00  lbs 
per  sq.  inch,  and  the  elastic  limit  of  mild  steel  36,000  pouiids 

per  sq.  inch,  the  number  of  sq  inches  of  steel  required  would  be 

20C  T 

Z^ijOij     °^       T2TJ~     ^^  ^'^^  number   of  square   inches   in  the  slab 

section.        Such  amount  must  be  distributed  unifonaily  throughout 

the  member. 

-   SHEAR  - 
The   subject  of  shear  and  diagonal  tension  in  beams  has  been 
and  is  one   of  considerable  irapoi-tance;      fully  as  many  beams  under 
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test  have  failed  from  these  causes  as  have  failed  "by   oornpres- 
sion,  or  direct  tension.   The  value  of  concrete  in  shear  de- 
pends on  the  quality  of  the  concrete  and  the  manner  in  T?hich 
it  has  been  placed.   It  is  true  the  maxiraum  shear  in  a  beam 
occurs  at  the  supports  and  is  equal  to  the  greatest  reaction; 
it  seems  within  the  limits  of  conservative  design  to  assume 
the  concrete  taking  this  shear  at  a  certain  value  and  placing 
enough  steel  v/ithin  the  section  determined  by  the  size  of 
beaa  to  carry  the  excess  shear.    The  natter  of  determining 
the  shear  at  points  along  the  beam  and  providing  for  such 
stress  i^hen  the  concrete  is  unable  to  care  for  it  is  one  of 
considerable  importance. 

From  mechanics  of  bea^s  we  ioaow  that  there  exist  through- 
out a  beam  vertical  and  horizontal  shearing  stresses  of  vary- 
ing intensities,  and  that  at  any  point  in  the  bean  the  vei-tical 
shearing  miit  -  stress  is  equal  to  the  horizontal  shearing 
unit-stress  there  developed.    The  horizontal  shearing  stresses 
tend  to  disrupt  the  bond  bet-.veen  the  steel  and  concrete,  and 
the  addition  of  a  mechanical  bond,  such  as  deformed  bars, 
greatly  increases  the  allowable  shear.  Very  few  beans  have 
failed,  due  to  horizontal  shear  alone  for  these  stresses  are 
comparatively  small,  but  the  vertical  shearing  stress  is  of 
considerable  value.   In  order  to  determine  the  shear  at  all 
points  of  the  beams  and  girders  of  the  machine  shop  building; 
the  shear  diagrams  for  the  particular  loadings  -.vill  be  construc- 
ted.  From  these  diagrams  one  can  readily  measure  the  shear, 
both  vertical  and  horizontal,  and  test  the  beam  against  failure 
due  to  either  cause. 
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In  nany  test  beams, failure  has  been  recorded,  due  to 
diagonal  cracks  running  from  the  under  side  of  the  beam  to  the 
neutral  axis.   These  diagonal  cracks  were  foiraerly  attributed 
to  the  failure  of  the  concrete  in  shear,  but  recent  tests 
indicate  that  the  cracks,  at  least  in  part,  are  due  to  inter- 
nal tension  caused  by  the  stretching  and  slipping  of  the  rods 
employed  in  the  reinforcement. 

To  prevent  these  diagonal  cracks,  the  steel  sliould  be 
so  designed  and  placed  as  to  give  the  greatest  possible  ad- 
hesion to  the  concrete,  and  thus  prevent  slipping  as  the  steel 
becomes  reduced  by  the  stretch.  An  extra  precaution  against 
shear  and  tension  is  obtained  by  placing  inclined  or  vertical 
rods  at  intervals  in  the  beam  either  as  separate  stirrups  or 
unit  frames. 

Theoretically,  the  slope  of  the  reinforcing  rods  should 
be  45°,  inclining  away  from  the  center  of  the  bei^i,  but  because 
of  the  difficulty  in  placing  and  retaining  rods  in  this  posi- 
tion, they  are  more  frequently  placed  vertical. 

There  have  been  various  methods  suggested  by  engineers 
for  placing  of  these  U  -  bars  or  stirrups.   Some  are  purely 
empirical  while  others  are  based  upon  mathematical  deductions. 

Mr.  E.  L.  Ransoine's  empirical  rule  for  placing  the  stir- 
rups is  to  place  the  first  a  distance  from  the  end  of  the 
bean  corresponding  to  one  quarter  the  depth  of  the  beam,  the 
second  a  distance  of  one  half  the  depth  of  the  bean  beyond 
the  first,  the  third  a  distance  of  three-quarters  the  depth  of 
the  beam  beyond  the  second,  and  the  fourth  a  distance  of  the 
depth  of  bean  beyond  the  third,  continuing  at  this  spacing  as 
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far  as  the  stirrups  are  required.  Others  siake  it  a  rule  to 
spaoe  then  the  same  distance  apart  as  the  depth  of  the  bean, 
or  slightly  closer  than  this  so  that  any  diagonal  line  at  an 

0 

angle  of  45  with  the  neutral  axis  will  pass  through  the  stir- 
rups. 

The  Prussian  requirements  state  that  the  stress  nust  be 
calculated  as  actual  shear  and  rods  enough  placed  in  the  con- 
crete so  that  this  shear  shall  not  exceed  65#  per  sq.  inch. 

A  formula  derived  by  :!r.  J.  17.  Schaub  and  given  in  the 
Engineering  Hews,  April  16,  1903,  p.  343  is  as  follows: 

Let  s  s  Area  of  steel  required  in  stirrup  at  any  section 
of  beam  sq.  inches, 
A  s:  total  sectional  area  of  beaa  in  sq.  inches, 
p  s  ratio  of  cross-section  of  horizontal  steel  to 
cross-section  of  bean. 
p  A  s  Area  of  horizontal  steel  in  sq.  inches. 
I   =  length  of  beam  in  feet. 

z  =  distance  from  end  of  beam  to  section  where  stir- 
rup is  required,  in  feet. 
Then  4  p  A    (     2  z  -h  1  ) 

This  formula  gives  very  satisfactory  results  compared 
with  practice  and  having  been  derived  from  purely  theoretical 
assumptions  is  one  worthy  of  notice.   In  the  above  deductions 
Mr.  Schaub  has  considered  the  beams  to  be  uniformly  loaded. 
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Chapter  II. 


DeBJgn  and  drawings  of  Three  Story  and  basement 
?5iS?°££f  ^_£°^cr  e  te_mach  ine_  8hog_bui  Iding . 

80*  X  120*. 
Data:- 

The  proposed  building  is  to  be  constructed  with  a 
reinforced  concrete  skeleton,  and  vitrified  brick  curtain 
walls. 

Span  of  floor  beams  20'  -  O"  c  to  c.   Span  of 
Girders  16*  -  O"  C  to  C.   Span  of  slabs  Ist  2nd  and  3rd 
floors  5*  -  4"  center  to  center. 

Span  of  roof  slabs  8'  -  O"  C  to  C. 


Live  Loads 


Dead  loads :- 


Size 

3/4" 

7/8" 

1  " 


Roof  =  75#  per  sq.  ft. 
3rd  floor  =275  #  per  sq.  ft. 
2nd   "   =300  #  "   "   " 
1st    "   =300  #   "    "    " 
Bsm't."   =250  #  "    "   " 

Composition  Roof in£;   7#  per  sq.  ft. 

Concrete (Stoh3)  150#  "  cu.  ft. 
Corrugated  Bars. 

Net  Section  Sq.  in.  Weight  in  lbs.  per  ft. 

0.56  1.91 

0.77  2.60 

1.00  3.40 

1«56  5.31 
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Net 

Twisted  Bar s . 

We 

Ight  In  lbs. 

Size 

Section 

Sq. 

In. 

per  ft 

V 

.062 

.215 

3/8" 

.14 

.478 

i" 

.85 

.850 

5/8" 

.39 

1.328 

3/4- 

.56 

1.913 

7/8" 

.765 

2.60 

?nlt^ 

Stresses. 

1-2-4  Unit  Coapressive  Stress 


In  Concrete^  =  700  lbs. per  sq.  in. 


1-3-6  (Foundations)  "   "   ' 

1-2-4  (Col\amn8  hooped)  "   ' 
1-2-4  Shear  unit  stress"   ' 

Unit  shearing  stress 
in  steel 


/  Sc 


Compressive 
in  steel 

"  Tensile      " 
in  steel 

Modulus  of  elasticity 
of  steel 


fc  =  500   ; 

/  /=  '750 
=  65   " 

=  10000" 

=  12000" 

=  14000" 


E,  = 


=30,000,000 

Ratio  of  Moduli  of  elasticity  of  steel  and  concrete 
to  be  taken  from  Chicago  building  Code  =  12 
2,500,000 


c^ 


-1  leq   .acri  nl   cTrisiaW 
6lS. 

058. 
8S5,X 

ce.a 


=  £    18M 


SdO 


cdT 


est; 


'C\6 


"A 


00'^ 


0G-; 


Oc.V   --•, 

'ocooi:  - 
'ooosx  = 


.  B see e 'i J  B_  ;? i aV 
rj\  sJenonoO  ni 

'      "    (/:>eqcorI  anffluXoO)    -^-S-). 
'"     ".Bae-ijs  *ifJX'  %&&dS  x^-3-i 


.  B  e  -  J  B  3  xj  1  •!£  sria  ;t  i  n  U 
If:.©? a  lit 

lesJa  ni 
Iho Ja    iO 


000 , 000 , 06= 
ftnfi  IfeS.ta  Ic  v;rioiJp..«Xe  Ic   iXwir'rM  to  oi^JsE 

000, 00c, S 


51 


;  .    p 

•X 

:  .01 

.519    ; 

;  .015 

.418    ; 

:  .08 

.463    ; 

:    .025 

.505    ; 

:  .03 

.543    ; 

:  .04 

.607    : 

:  .05 

.660    : 

M  = 


or 


wl^  for  b 


earns 


10   10 
wl   vl2 
M  =  10  or 10  '  for  slabs 


L  =  Clear  span  in  all 
cases, 
wl 
8 
M  =     Roof  Girders. 
Concentrated  loading, 


^SIGN  OF  MEMBERS. 
Roof  .Slab  :_- 

We  will  assume   a  4"  slab  reinforced  with  1^   steel. 
Dead  Load:  =  Wt.  of  Concrete  50#  sq.ft. 
"  Roofing   7#  "   " 


wl 


Live  Load  = 


Total 


t'-O"  clear  span- 


12x130  X  49 
—  TO 


=  7650  inch  lbs. 


P  =  .01   X  =  .319   C  =  123.   M  =  C  b  d 

Take  slab  1  ft 
2 

d  =   7650 =   5.2 

1^3  X  12 

d=   2.7'' 

Therefore  3^"  slab  is  ample 

.01  steel  =  .42  sq.  inches 


75# 
132# 


wide 


&js:B9d  fo't  "^iJiao 


M 


Gi        01 


Cv^^ 

X5X  ' 

'■^.'  c 

', '   , 

66X 

STl 

SX4^ 

•3i0. 

evL 

56S 

631^ 

;  so.  : 

Pisi 

i^6S 

eor. 

>^r.  ; 

SOS 

665 

5^c 

?,'■  ^ 

VIS 

V£^ 

TOc 
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;if^n 

3r5o 

CD6 
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Use   2  "   3/8"  twisted  rods  5"  c  to  c 

Temperature  reinforcement  =  1  of  longitudinal 

ISO 
Use  2  -  i"  twisted  bars  6"  c  to  c. 


ROOF  beams;      R, 

D.L.  from  roof       =  130  #  sq.  ft. 

Panel  size  =  8  x  16 

Total  D.L.  from  roof  =  16,650  # 

D.L.  of  beam  assuming  9"  x  9*   Total  depth  13* 

=  1540  #. 

Total  weight  W  =  18,190  # 

M  =  wl  =  12  X  18190  X  19  =  414,700"  lbs. 
T^   ~'--To — 

414,700      =     178  bd2 

Asaiuning  2  X  Steel  C  =  178. 

bd2  =  2330 

b       =10*        d     =     15" 

2^   Steel  =  3  sq.  in.   Use  3-1*  Corrugated  bars. 

Shear  at  end  -  ^^""^0  =  9090  # 
Z 

150'  eq.  in.  concrete  @  65  f  =   9750  #. 

Diagonal  Tension. 

3/8*  U-bars  spaced  6"  -  6"  -  S"  -  12"  -  15" 

ROOF  girders; 

D.L.  from  roof  =  4x12x130  =     6240  # 

D.L.  of  Girder  ) 

)  =  150  X  14.5  =  2175 
Assuming  10x14  ) 

Total      8415  lbs. 
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Concentrated  load  from  beams  =   18  000  # 

M  =  Ei  and   ^ 

8        10 

M  =  537,900  in. lbs.   Assuming  p  =  .03 
C  =  202    and  b  =  10" 

M  =  202  X  10  X  d2 
d  =  15" 
•bfo   steel  =  4.5  sq.  in.   Use  3  -  1^"  bars. 
Maximum  shear  =  13210  # 

"      "  allowable  in  Concrete  =   9750  # 
Shear  to  be  carried  by  steel  =  3460  # 
This  amoimt  will  be  provided  for  by  two  tie  bars  3/4" 
dia.  running  through  the  column. 

Tie  bars  3/4"  x  4*  long, wired  at  ^oint. 
Stirrups.   Use  3/8"  U-bars  spaced  same  as  in  roof  beams. 
For  negative  Bending  place2-3/4  x  6*  bars  over  column. 

5rd  STORY  COLUMNS. 

D.L.  from  roof  direct  @  130#  sq.  ft.  =  22,825# 

D.L.   "   2  roof  beams,  =  4,350  # 

# 
D.L.   "   Girders,  =  1,725 

Total  load     =  2e^900# 

Prom  Consider^  formui^a  P  =  ^(  k^-*r   eAg+2. 4  6/4^1  ) 

Assuming  the  column  hooped  with  |"  spiral  hooping 

2^"  ?itch  Ag  =  .05  sq.  in. 

dia.  of  10"  Aq  =  78.5  sq.  in. 

Allowable  P=750    (78.5  +  12x.05) 

"  P  =        60,000  # 
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It  will  be  seen  that  in  these  columns  longi- 
tudinal rods  are  not  required.   The  concrete  alone  will 
more  than  carry  the  load.   From  the  mechanics  of  col- 
umns, it  is  not  good  design  to  have  a  column  diameter 
lees  than  ~J£'    the  length.   Therefore  a  12"  round  col- 
umn will  be  used. 

The  wall  columns  for  3rd  floor  will  be  taken 
at  8*  X  14".   This  size  being  more  than  is  actually  re- 
quired for  the  load  but  to  give  rigidity  and  strength 
against  excessive  wind  loads  the  assvimption  is  not  irra- 
tior^l.   Reinforce  with  4~i 'Twisted  Rods  tied  every  12* 
with  l/e"  iron  wire. 

5rd  FLOOR  SLAB : 

Assume  a  4*  slab  reinforced  with  \%   steel. 

p  =  .01   C  =  123.    1  =  5*-0". 

Weight  of  slab  one  foot  wide  x  5*  =  250  #      250# 

Load  from  floor  assuming  that  never  more  than 

90/  is  actually  applied.  =  .90  x  275  =  247#  x  5*  =  1235# 

^1  „        Total  load  =  1485# 

M  =    =  1485  X  5  X  12  =  8910  lbs§ 
lO         j^_-— ^ 

.  '       8910  =  123  X  12  X  d^ 

d  =  2.5". 
A  4*  slab  is  much  too  large,  but  for  factory  purposes  a 
slab  less  than  3*  is  frail. 

Use  a  3i*  slab  reinforced  with  3/8"  twisted  bars 
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spaced  6*  c  to  c. 

Temperature  rods  3/8*  twisted  12"  c  to  c. 

5rd  FLOOR  BEAMS : 

LL.  =  16  X  5.35  X  275  x  .90  =   20,100# 

Assuming  not  more  than 

90X  of  total  load  applied 

at  one  time. 

85   sq.   ft.    slab  at  45#  =  3,625# 

Assximed  weight  of  beam  -  1,200# 

Total     =         "247925^ 

M  =  TJ5         =  569,200   *   lbs. 
Assuming  3^  steel   in  the  beam,     p  =   «05  c  =  202. 

569,200  =  202  x  10  x  d2 

d  =  16^"  b  =  lO" 

^  8teel'=5  sq*    in. 

Use  3-1  1/4"  corrugated  bars. 
Shear  =  12,460#  (See  diagram  3  -  A.) 
Concrete  at  65#  per  sq.  in.  =  10,725#  allowable 
For  safety  euid  negative  bending  place  2  -  7/8*  corrugated 
bars  9*--0''  long  over  girder. 

Use  3/8"  twisted  bars  for  stirrups  spaced 
4*  -  8*  -  10*  -  12*  -  16*  -  16". 

5rd  FLOOR  GIRDERS: 

1=   15 '-0*   p=  .02     C=  178. 


.0   OJ   0      0  Laocqa 
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Load  frozn  2  beams,  assuming  90^  of  total  =  49,850# 

D.   L.    on  Girder   direct  =     2,160# 

Aseianing  a  Girder  14"  x  18*  weight  =_3,500# 

Total  load         ="T5,'5rd# 
55,510  xl5  X  ir 
M=  10  =  991,800   in.   lbs. 

991,800  =  202  X  14  X  d^  d=  20"  b=  14" 

A=  280  sq.  In.  Ag=  5.6  sq.  in. 
Use  4  -]l/4"  corrugated  bars. 
Max.  Shea-  =  27,750#.   Placing  a  1  ft.  bracket  at  45° 
A=  448  sq.  in.   Concrete  in  sheaur  @   65#  Allowable  shear 
28,90O#.   To  reinforce  against  negative  bending  and  to 
tie  consecutive  girders.  Place  2-7/8"  corrugated  bars. 
8"  c  to  c  over  column  in  center  of  slab.   Tie  lower  re- 
inforcement of  girders  with  2  -  7/8"  bars  wired  at  Joints. 
Brackets  1*  x  l'  reinforced  with  2  -  3/4"  bars. 
6"  c  to  c. 

Shear  at  point  2*  from  end=  24,100#  (See  diagreun  3-B) 
Allowable  shear  in  concrete  at  this  point  =  18,200# 
The  b%3  tn   lower  reinforcement  smd  over  column  will 
provide  for  any  excess  in  this  design. 

For  stirrups  use  3/8"  U-bars,  spaced  according  to 
Ransome's  rule. 

5"-10"  -  10"  10"-  10"  -  15" 

2nd  STORY  columns; 

Load  from  roof  columns.  =  28,900# 
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Load  coming  directly   into   column         =  2,720# 

Weight  from  1  Girder  load  =55,510# 

*    of  3rd  Story  Coluam         =  1,540 

"   from  1  Beam  directly         =27,900f 
Total  load    =  H6V57(^ 

P  =  f^  (A^  +  8Ag  +  2.4  e  Aq  X )     Assuming  a  14"  rouM 

column.    1/4*  spiral  reinforcement  of  2  1/2"  pitch. 

A  =  154  aq."  A„  -  o05  sq.  " 
c  ° 

Solving  for  A  )  it  is  fovind  vertical  rods  are  not 
necessary,  but  to  insure  against  flexure  and  for  wind 
bracing  use  4  -=  1/2"  twisted  rods  inside  of  hooping. 
Then  2nd  story  columns  will  be  14*  dia.  1/4"  spiral 
and  4  I/2"  bars  for  reinforcement.   When  tested  with 
Considere*s  other  formula  the  above  values  are  correct. 

2nd  and  1st  FLOOR  SLAB : 

L.  L.  at  300#  per  sq.  ft. 

Girder  span  =  15  feet,  beam  span  =  19  feet. 

Slab  span  =  5  feet. 

Assume  4"  slab,  p  =  .01     c  =  123. 

Weight  of  slab  l'  wide        =  250# 

Load  from  floor  @   90^  of  total  =1350# 

Total  load  ^600f"~~ 

M  =  9600  "  lbs. 

9600  =  123  X  12  X  d^ 

d  =  3* 

Use  4"  slab  reinforced  with  3/8*  twisted  bars  spaced 

6"  c  to  c. 

Temperature  reinforcement     3/8"  twl.te.  ro<^.  epac., 
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12"  c   to  c. 

l8t  &  2nd  FLOOR  BEAMS : 

Load  from  floor  (§  500#  per   sq.  ft.    5.5  x  300  x  16 

AsBtoraing  90^  maxirnvm  =       22,560# 

Weight  of  slab  @  per  sq.   ft.  =         4,250# 

ABSvime  beam  10 "  x  12"  Weight  =         2,575# 

Total         T8","985# 

Use  2,^   of  steel    then  c  ~   178 

M  =  660,850  in.  lbs. 

Using  11*  breadth     d  =  18  l/S" 

A  =203  sq.  in.    A  =  4  sq.  in. 
c  s 

Use  4-1*  corrugated  bars. 
Max.  Shear  =  14,490#.   Concrete  @  65# 

A^  =  203  X  65  =  15,195# 
Place  2  -  3/4"  bars,  over  Girder  to  provide  for  excess 
shear  and  negative  bending. 

Shear  diagram  1  -  2  -  A  gives  maximum  shears  for 
points  along  beam,  at  2  feet  from  support  V  =  12,800#. 
It  will  be  seen  that  the  concrete  alone  will  carry  this 
shear  euad  as  the  rods  placed  over  the  girder  extend  beyond 
this  point  there  is  absolutely  no  chance  for  failure  due 
to  shearing  stresses. 

Place  U-bars  9*  -  12*  -  12*  -  15*  -  etc.  c  to  c 

Ist  --  2nd  ,FLqqR_GIRDE^: 

1=  15*   Assume  p  =  .02  c  =  178 

Uniform  loading  from  slab  direct  =  12,950 

Weight  of  Girder  18"x  2l"  =_  5,850 

Total  uniform  load  18,800" 


8c; 
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Concentrated  load  s.  2   loads  of  28,935#  each  aoting;  at 

5*  from  end  of  girder. 

18800  X  15  X  12 
M=    10  =  1,739,100  in.  lbs. 

M  ^     28,985  X  5   X  12  =^    ■558,400    * 

Total       =       5707  7,500   *"  " 

Aeexualng  b  =  18"  d  =  26* 

A„  =  468  sq.    in.  A  ^    ^ 

°  B  =  9.4  sq.    in. 

Use  6-1  1/4  *   corrugated  bars. 
Shear  end  of  Girder  =  38,380#     {See  diagram  2  -  B) 
Placing  a  l'   bracket  at  45*  under  girder. 

Ac  =  648  sq.    in.     @  65#  =  42,920  lbs. 
To  provide   against  negative  bending  place  3  ~  7/8*  bars 
over  top  of  girder. 

Shear  at  point  2*   from  end  =  36,000# 
Ac   =  468  4q.    in.        Concrete  (f  65#  =  30420#  allowable 
It  will  be  necessary  to  extend  the  7/8*  bars   into   the 
girder  past   the  point,  make  rods  9  feet  long. 

Stirrups  use  1/2"  U  -  bars  spaced 

7"   -  14*   -  18*  -  18*   -  18*   -  24*   etc. 

Ist  STORY   C0LU?4NS; 

L08ijd  from  2nd  Story  Coltimn  =  116,570# 

*     going  into  column  directly  =       3,240# 

"     from  main  girders  2  x  38,380#  =     76,760# 

//oar    beam      dire<ii:  =        £8,^90^ 

Weight  of  2nd  and  3rd  Story  Columns  =       4,300# 

Total   column  losul  =~^^,"855if 

P  =  k{    1.2   f,   d2   +   ^-^  ^8   %   d     { 
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Asetaning  A     as  l/4"  spiral  reinforcement 

Ag  =   .05   sq.    in.        d  =  18"        For  a  1  =  2  -  4  concrete 

K  =   .7        Pitch  of spiral  =  2.5" 

Then  P  by  test  =  230,300  lbs.   which  is  greater   than  the 

maximian  load. 

Reinforcement  to   consist  of  1/4"  spiral     2.5"  pitch  smd 

6  1/2"   twisted  rods,      d  =  18" 

B'SLIT  ;  COLUMNS  r^ 

Load  from  1st   Story   Coliimns                       =  229,850# 

*     entering  column  directly                  =  3,240# 

"            *                     "      from  main  Girders  76,760# 

"            "                     »        •  floor  beans     =  29,000# 

Weight   of  a  22"   colxnnn  390#  per  ft.      = 4,700# 

Total   column  load       =  343' ."SSW 

<  2        '''•lA^  fo   d   ) 

P  =  k    (   1.2  fc   d     +  25  )  k  =    ,7 

Aastaae  a  22"  column,  reinforced  with  5/I6*  spiral  rods 

1-2-4  concrete   Pitch  of  hooping  =  2.5"    Testing, 

Allowable  load  =  309,200# 

Aq  =  .07  sq.  in.   Make  dia.   25" 

Place  6  3/4"  twisted  rods  within  hooping. 

2nd  STORY  WALL  COLUMNS; 

Load  from  cornice  and  lintels       =   9,600# 

Weight  of  3rd  Story  Column  =   1,250# 

Load  tro4   floor  and  Girders         = S8,_250# 

Total  column  load   =  68,1(5?5# 


P  =  f c  Ac  +  f,  ^  ^ 
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Use  4-1/2''   twisted  bars.     A     =  1  sq.    in. 
Aq  =  80   sq.    in.        Make   colxiran  14"   x  lO" 
b  =  14"     d  =  10" 
Tie  rods  every  12"  with  l/s"  wire. 

1st   STORY  WALL   COLUMNS: 

Load  from  2nd  Sx;ory  Columns  =  68,100# 

Weight   of      "          "               "  *  2,100# 

Load  from  2nd  floor  slab  and  Girders     =  58,580# 

"  *     lintels  =     14,000# 

Total  coliimn  load  =~ISS,5S^ 

P  =  f^  Ac  +  e   fc  Ae 

Aq   necessary  assuming  4  =  3/4"  twisted 

rods.     Ag  =  2.2  sq.  in.    A^,  =  157  sq.  in. 

Make  column  14"  x  15"   Tie  rods  every  12"  with  l/s"  wire 

BS'MT  WALL  COLUMNS: 

Load  from  1st  story  columns  =  122,580# 

Weight  of  "      "   *  =   2,300# 

Load  from  1st  floor  slab  &  Girders  =  58,380# 

*    "  lintels  and  walls  =  14,000# 

Total  column  load         =  T77,260^ 

Assigning  reinforcing  rods  3/4"  tied  at  12"  intervals. 

Ag  for  4  rods  =2,2  sq.  in. 

Ac  necessary  to  carry  load  =  210  sq.  in. 

Make  colvunns   18"  x  14* 

4  rods  3/4"  twisted. 

Total  foundation  load  from  wall  columns     =  182,300# 

Maximum  foundation  load  from  interior  columnB=348,600# 

Max.  load  upon  wall  footing.  =  231  00  #  per  ft.  long. 
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FOUNDATIONS      FOOTINGS.        Interior  Columns. 
Allowable  pressure  per  eq.  ft.  on  dry  sand  as  given  by 
Chicago  building  Code  =  4000#.  Therefore  area  of  footi* 
ing  required  =  88  sq.  ft.  Make  footings  9  1/2 '  x  9  l/2' 
Reinforced  with  l/s"  twisted  rods  placed  both  longi- 
tudinally and  transversely  (®  6"  c  to  c. 

WALL  COLmiN  FOOTINGS  7*  x  7*  reinforced  with  l/2"  rode 
@   6*  intervals.   Same  as  in  interior  footings. 
Assumirxg  18"  concrete  walls,  footing  area  for  1  ft.  of 
wall  7  ft  high  =  6  sq.  ft.  Make  footing  4  ft  wide, 

DESIGN  OF  LINTELS       3rd  Story. 

U   19' 

Load  from  floor  panel  16  x  4  @  130#  =       9,800# 

"        "        wall   direct  =       4,700# 

Weight  of  beam  assiining  9"  x  12"  =       2^100# 

Total  load    =  "TB.BOCf 

M  =  378,480"  lbs   Using  Z^   steel.   C  =  178. 

.  *  .  b  =  9  in.  d  =  15" 
3-1"  corrugated  bars.   Aj.  =  3.08  sq.  in. 
Shear  in  these  members  is  amply  provided  for  in  the  ac- 
tual section  area, 
iii^ ®^_ *    Bs*mt  let  and_ 2nd_ S torlee : 

These  lintels  will  carry  approximately  the  same 
loading  as  those  of  3rd  story  therefore  same  dimensions 
will  answer.   However,  the  lintels  over  end  window 
openings  have  only  a  15*  span,  and  may  be  reduced  to  8" 
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X  14  having  same  reinforcement. 

Design  of  Beam  (B.)  as  per  floor  plan. 

Span  =  9*  clear. 

Uniform  load  500  lbs.  per  eq.  ft. 

Load  from  floor  direct  =  5,400# 

Beam  C.  =  8,000# 

Weight  of  beam  assuming  8  x  12      =  _  900# 

Total  =r4,50S# 


Assume  p  =   .02 

c 

=  178. 

M 

=  cbd^ 

d  = 

--  12" 

M  =  I^ 

14500  X 

J^x, 

12  = 

154.400"   IbB. 

b 

=  8" 

d  = 

15. 

• 

As  = 

lo4   sq. 

in 

\ 

=  2 

.1   sq.    In. 

Use  5  -  t/b"  Bars,  and  s/s"  stimips  spaced  8"  c  to  c 
for  5  feet,  then  @  12"  spaces.  Place  2-5/4"  Bars  over 
Beam  |A)  and  also  into  lintel. 

Beam  A  will  carry  the  load  from  B  of  7,150#  without 
extra  reinforcement  as  the  amount  is  none  above  that 
deducted  by  the  elevator  shaft.  Any  excess  will  be 
easily  carried  by  the  factor  of  safety  and  again  it  is 
seldom  that  the  total  load  will  be  thrown  onto  the  floor 
at  once.   The  shesir  in  the  above  bean  is  amply  provided 
for  by  the  reinforcement. 

DESIGN  OF  BEAM  D  arotaid  stair  well. 

Max.  floor  load  =  500#  .  Per  sq.  ft.   Clear  span  =  15* 
Load  from  two  beams,  framirig  into  D  =  500  x  10  x  10.6  = 
15,900  #    Weight  of  beam  (®  8"  x  12"  =  1400# 


,1;;    .ps    -iBcf   .acfX  006  foaol  isioltnU 
\\OCO,b  --  .0  t^Tsee        "        " 

•  SVI    -   0         S'O.    -   q    .iCTfaeA 
"SI   --  h  %cfo   -  M 

^oT — ~    -•-  •  m  ■=  M- 

"    .31  -  ft        "3  -^   ■' 

.ni    ♦p3   I.S  =     A     ..-i    .pi3  ^oX   :^    ,A 

0  oi    0   "8   I'O'jf-cfB   sqi>iilJ's    "sXs  fctctB     .  R'rjsH   "b\T   -  o   as'J 

1GV0  BrLES  "--Xo-S  o'lisiSr      .peoaqa   "2X  <?  nori^t    ^i^B'i  5  lo':!: 

,It-.J-niX  oJTii    Oiiis  6«fi    jAi   fweS 

.twoiitlw  -%C"-:;X,'r   'to   1  moi'i  £>jsoI    arvt   v.i-lso   fXiv;  A  nissa 

iooxt  8ri:f   oJjico  nwotrlJ    ed  Xlivv   ^ksoI  XsJ^o^   ariJ  irtilJ  aoMea 

,xiew  :ti£ta  htiucva  g  >iAaa_^_0_Tm3J3a 

'cl  ^-  .xsqa   lasIO      ,j^    .pa   it.*I   .   ^OOG  =  fcaoX   lOoX^    .xjbM 

-  e.OX.  X  ox  >:  005  =  d  oJai    -^vrtfjHB^-^-    .Situsyd   ov?   mo-s:^  bX'^oJ 

%COM  ~  "SX  X   "8  '-•  aiaecf  *o  :r.t:iloW          *^  00e,«iX 


44 


Total  load  =  17,S00#   Consider  the  load  uniform 

then   "1^"'"=  M, 

M  =  309600  "  lt>B.    p  =  .03    b  =  9" 

C  =  202   d  =  14" 

Ag*126  sq.  in.   A^  =  3.8  eq,  in. 

Use  4  =  1''  bars. 

Stirrups,  use  3/8*  twisted  rods  spaced  10*  c  to  c  to 

then  @  /2"c^ac. 
4  feet  from  ends  ^  then  place  Z-'b/^'^   Rods  6*  long  over 

supporting  beams. 

Design  of  Beam's  (C).  and  (E) . 

Clear  span  =  10*    p  =  .02    c  =  178. 

Load  from  floor  @  300#  per  sq.  ft.  =   14,300# 

Assumed  weight  of  beam         =    lj000# 
Total  load   15,3t)0# 

M  =  183600  *  lbs. 

Assume  d  =  13*  then  b  =  8* 

Ag  =  104  sq.  in.   A  =  2.1  sq.  in. 

Reinforce  with  3-  7/8*  bars. 

Place  2  -  3/4"  Bars  over  end,  bencling  rods  down  over 

beam  (B.). 

Stirrups  spaced  same  as  in  beam  (B). 

The  shear  is  practically  negligable  any  excess  will  be 

carried  by  the  extra  rods  over  beam. 


..It  .pa  8.S  ==  3A      .ill  .p8  aar^-gA 

0.T    0    oj    0    "ox  &s9sqs   afc'O'i  "  ":\5  »B.u    « 3qf.!-;'!:i-ia 

itjvo   3:101    '0   Hbo>~   *'A,o-S  00..-.         .,       .    a£ii"j9  coil    J-091:  J^ 

.(a)     f:»MS     ,(0)     S*/TiBea    \0    a^l  86? 

,^3?I  =  0  SO.    •=  q  '01   ■■■  nn^B   'iselC 

^jQ&^k-l        -■■    .-i'J.    .pa   ?-aq  '%00?>  ':q^     lool^  aroa'i  f)«oJ 

>^"^/or        Met  XbIoT 

-«dx  "  oodsax  ■■^■-  '< 

,ni    .pft   X»S;  =     A        ..Tt    tpe  i-OX  "  gA 

•xevo  rwoO  sfco'i  ^.-jiMecI    «?)n9  -sovo  s'lbS   "*>\c    -   2   90fiI*I 

.  ( .  H )   jHfter' 

aa   illvi  -.jeaD;:©  \inf?!  aldagiXj-jaa  \jXIaoi J^B'ia  at   ta^xla  sr(T 


Chapter   3. 
General  Specifications   :'^overnin;e  erection   o£  proposed  Build- 
int?. 

Proposition. 
The   l£i.chine    shop  building   to   oe    constructed  with  reinforced 
concrete    skeleton  and   faced   with   the   best    quality   vii:rified 
building:  brie.-:.      Sires  and  demensions   of  iaerab.rs   to  be    con- 
structed as   shov/n   on   the    general  Plans  attached  herav/ith. 
Contract . 
Jhe   Contractor  v/ij.1  be    r-r^quired   to    sirn   the   uniform  Con- 
tract  as   -adopted  and   recorpj-nendel   for   panere.l  use    by    the 
Ai-jierican   Institute    of  ArcJiitects   and  the   National  Association 

of  Builders,    the    sane   as   herewith  attached.      All  of   the   arti- 
cles of   this   contract  will  be    considered  as   part   and  parcel 
of   said  contract. 

The   ''.nrineers  drav/inrs   3.nd   these    specifications  3.re    intend- 
ed  to  be    supplenentary    to   each  otner,    and   specifications   given 
on   the   drawings   shtili   have   as   fun    force   as    if  given   in   the 
specifications,    and   in   case    of   conflict   between   the    two,    spee-i- 

fications  as  given   on   tne   drawings   slia-^l  be    ta.ken  as   super- 
seding  these    specifications. 

Excavation. 
The    contractor   shall  be    requir:id   to  make    all  n-cessary   ex- 
cavation,   for   walls,    piers  and   footinr^s   to    the    proper   depth  as 


sho-rn  on   the    plans.      Hs    shall  rer.-ove   all  excess  material  ex- 
cavated  froh:  the    site    of  the    s-racture,    and   shall  be   held   lia- 
iDle    for   injuries   to   adjoining  prjperty   durin?-   such  excavation. 
:-iaterials. 

The   cement   used   throughout    the    construction   sliall  be   Ameri- 
can Portland   Cement    of  a  ^vell-kno-vm  and   tried  brand.      Such 
cement    to  be    purchased,  by   the    Contractor,    subject    to    the    stand- 
ard  tests   of   the   A:rierican  Society    for  x'estinr;-  -materials.      rests 
shall  be   made    from  each  carload   of   •:■ -jment    and  no   cement    sh3.ll 
be   used   on   the    job   lintil   such  tests    shall  have   been  made. 

?'tone    for  i.'i8.ssive    concrete   ".'•ork,    such  as   piers  and   founda- 
tion ■vails,    shall  preferably  be    crushed  hard   sand  or   other   fire 
resisting   stone    in   p-raded   sL-^es   of   1/4   to    2   I/2   inches. 

Stone    for   reinforced   concrete  ^York   shall  be    of  •similar  m.ater- 
ial,    but    in   --raded   sizes   of   from   l/4   to    1   inch.      Tor   very    larg-e 
masses   of   reinforced   concrete    sucli  as   the    1st   and   2nd    floor 
Cirders,    stone   up   to    1    1/2   inches  may  be   used,    and   for   very 
small  '^ork  5/4    inch   shall  be    the   iiiaximum  size. 

Sand   shall  be    clean,    hard  and   free    from  earth  or   loam  or 
other   foreifjn  matter,    and  shall  be    subject    to   the   approval  of 
the   Architect.      All   stone    shall  be    screened,    unle.^s   otherwise 
distinctly   arranged  '.-/ith  the    Ar^-hitect    or    ■•engineer. 

Steel   for   reinforced  concrete    shaiJ.  be    -lediura  open  hearth 
stejl,   manufactured   in  accordance    ■"ith  the   ilanufac turer '  s  Stand- 
ard and  Specifications    for    this   grade   of  materia.!.      xhe    rein- 
forcement   in  the    floor   slabs  and   footing   shall  be    the    regular 


Ransone    tv;isted   rods   ae   shorn   on   the    plans.      I'he    reinforc-ement 
in   the   beams,    and  girders   shall  be    tiie    rsrular  Johnson   corru- 
nated  bars.      In  all  cases   the    steel   shall  have   an  ultimate 
strength  of   from   60,000   to    70,000    lbs.    psi'   sq-    inch;      and  an 
elastic    limit    of  not    less    than  one -half   the    ultimate    streng:th. 
.^uch   steel   shall  not    contain   over    .08   loer   cent   of  phosphorus. 

Steel   for   reinforcing  concrete  will  not   be   painted,    bu: 
must   be    free    from  p-rease ,    dirt,    or   deep   rust   -vhen  placed   in   the 
■•/ork.      In  order   to   pr-^vent    rustin^,    steel  bars   must   be    protect- 
ed  froi"a  the   weather  whenever   stored   for  over    two  weeks. 
Forms. 

All   forms    for  moulded  concrete   ---ork  -.vill  be    constructed  of 
sufficient    strength   to   obtai-:^   the    necessary    rigidity    to   ^n-event 
any    notion   of  the    fora;s   while    concrete    is   being   placed  and  must 
be    strong  enough   to    carry   any    load  which  ine:^   come   upon   the 
concrete   -vithin  30   days    froia  the    date    of  placing  the    concrete. 

All  forms   shall  be    so   constructed  .is   to  be    readily   accessi- 
ble   for   inspection  at   all  places   and  at   all   times. 

?orm3    shall   in   general  be    composed   of   tongue   and   ."-rooved 
sheeting   surfaced   on   t vo    sides   and   supported  by   studding  and 
braces   of  proper    sir:es.      I'hey  v/ill  be    placed   in  position  by 
experienced  and  capable   carpenters   only   and  must   be    true    to 
line   and   trrade   and   of   first-class  -Torkmanship   throughout. 

T   and   C-   sheeting    -/ill  not   be    required   for  heavy  work  but 
carefully   matched   stuff  may   be   used   instead. 


The  forms  for  all  exposed  surf3.ces  of  concrete  must  be  smooth 
and  the  boards  must  be  carefully  matched.   The  surface  next  the 
concrete  v/ill  be  oiled  and  forms  used  a  second  time  must  be 
carefully  cleaned  and  oiled  again. 

The  oil  to  be  used  in  oiling  forms  shall  be  thick  and  heavy 
enough  to  act  as  a  filler  for  the  forms.   The  quality  of  oil 
known  as  "sludge"  at  the  oil  refineries  or  its  equal  is  record- 
mended. 

Great  care  must  be  taken  to  clean  all  sawdust,  dirt  or  debris 
from  forms  Just  before  placing  concrete,  and  whenever  necessary 
forms  must  be  cleaned  out  by  steam  Jet  or  equally  effective 
means. 

All  forms  shall  be  so  constructed  as  to  be  readily  cleaned.. 

Forms  sha.ll  not  be  removed  from  the  under  side  of  floor  slabs 
in  less  than  10  and  preferably  1-ss  than  14  days;  shores  from 
beneath  girders  and  beams  in  less  than  14  days  6.nd  the  foi^ms 
shall  always  be  rem.oved  fromi  the  colvanns  and  inspection  made  of 
their  condition  before  removing  the  shores  from  "ceams  and  rir- 
ders.   The  a.bove  limits  8.pply  to  work  done  in  warm  wea.ther  from 
April  1st  to  December  Ist.   For  work  done  in  winter  from  Decem- 
ber 1st  to  April  1st  forms  shall  not  be  removed  in  less  than 
1  l/s  the  tim^e  as  specified  above. 

But  no  forms  whatever  will  be  remioved  at  any  time  without 
first  notifying  the  Architect  or  the  Engineer  in  charge.   But 
such  notification  shall  not  be  considered  to  relieve  tiie  Con- 
tractor of  responsibility  for  the  construction  and  for  the  re- 
moval of  such  forms 
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All   forns  must   be   designed   so   that    they  rnay  he    removed  vrith 
as    little    d3.Hiage   as   possible    to    the    concrete   or   to    the    forras. 

All   projecting  wires,    bolts,    or   other   devices   used   for   se- 
curing;  forns   and  that    pass   through  the    concrete   mus;:   be    cut   off 
at    least   one    inc2i  beneath  the    finished   surface   and.  the   ends 
covered  vrith  cement   mortar.      The    purpose    of   this   is    to   prevent 
discoloration  of   the    concrete   by    corrosion   of  the    s'teel. 


7orrns  for  coluj-;ins  shall  be  constructed  of  sheet  steel  not 
less  than  l/4  inch  in  thickness,  and  so  manufactured  as  to  he 
■yater  tight  and  -rith  not  more  than  tv/o  Joints  alonr^  the  coluran. 
Ancho raf-e  s  etc. 

The  conti'actor  for  concrete  ivork  must  place  8.11  anchor  bolts 
for  columns,  beams  etc.,  and  -.:ust  iDlace  all  anchors  and  ties 
for  all  attachnients  to  the  concrete  work,  such  as  trirnniinp-s 
and  briCK  facinp-s. 

All  such  bolts  and  anchors  \7iil  be  furnished  by  the  con- 
tractor. 

The  contractor  shall  use  every  precaution  to  place  the  re- 
inforcing rods  or  bars  in  the  position  saovm  on  :he  plans,  and 
during  the  placing  of  concrete,  he  shall  be  expected  to  see  that 
such  rods  or  bars  are  not  disturbed  or  moved  from  their  proper 
position. 

Surface  finish. 

There  will  be  no  ;i;ortar  surface  used  in  this  work,  but  great 
care  must  be  taken  to  insure  the  flushing  of  the  cei.^ent  against 
the  forms.   This  shall  be  done  by  careful  spading  and  puddling 
of  the  plastic  concrete  -.rhile  bein~  placed  in  the  Corms. 
Concrete  floors  and  \"eariap-  Surfaces. 

The  base. .lent  floor  whicii  wi.Ll  be  laid  on  the    ground  will  be 
laid  on  a  bed  of  cinders  or  rravel  or  sand  carefully  compacted 
and  at  least  six  (6)  inches  in  thickness.   On  toij  of  the  founda- 
tion layer  shall  be  laid  a  binder  couroe  of  coacrete  not  less 
than  3  1/2  inches  in  thic-vuess-   Such  layer  of  concrete  to  be 


coraposed  of  one  pe.rt  ceraent  to  three  parts  sand  and  six  parts 
stone.   On  top  of  the  binder  course  and  before  the  same  has 
set,  v:iil  be  ^jlaced  1/2  inch  of  cenent  "ortar,  composed  of  one 

part  Portland  cement  to  tvro   parts  of  hard  selected  crushed 
granite.   This  finish  will  be  screeded  with  a  straight  edge  to 
grade,  smoothed  -Tith  a  woolen   float,  finished  with  s.  steel  trow- 
'il  and  marked  off  into  blocks  of  suitable  sire. 

Reinforced  concrete  floors,  -/ill  be  provided  ¥;ith  a  wearing 
Suirface  proportioned  and  ^j laced  in  the  same  riianner  as  the  fin- 
ish coat  for  the  basement  floor,  but  in  tnis  case  the  floors 
will  usually  be  finished  after  the  forms  for  the  concrete  of  the 
upper  floors  have  been  rei:;oved. 

If  an  efficient  bond  can  be  obtained  bet-reen  tae  old  concrete 
and  the  finish  coat,  by  use  of  an  adliesive  preparation,  the 
finish  coat  m3.y  be  only  5/4  inch  thick;  but  the  Contractor  must 
in  such  case,  rive  satisfactory  gaurantee  of  the  efficiency  of 
the  bond. 

Otherwise,  the  finish  coat  must  be  at  least  1  l/2  inches  in 
thickness,  and  the  bond  between  the  old  concrei^e  and  the  new  .i 
must  be  made  uj    c-irefully  cleaning  and  -.'-etting  the  surface  of 
the  former  and  sprinkling  with  wet  cement  Just  before  applying 
the  finish  coat. 

If  the  surface  can  be  placed  before  the  floor  has  set,  only 
1/2  inch  of  finish  mortar  -'ill  be  required, 
freezing  \7eather:- 

No  concrete  will  be  laid  in  free2;ing  weather  except  by  spec- 
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ial  arrangement  riith  and  under  th.e  supervision  of  the  Engineer 
in  charre.   In  case  it  becomes  necessary  to  lay  concrete  in 
freezing  weather,  siDecial  arr:.nger;:ents  nust  be  made  'for  heating 
all  materials  and  niaintaining  a  teciyerature  ---hich  '/ili  not  al- 
io?/ the  concrete  to  freeze  until  the  sane  has  set. 

Proportioning,  liixing  and  Placing. 

All  concrete  proportions  specified  horein  \7ill  be  based  upon 
the  assirnption  that  one  barrel  of  Portland  cerient  is  equivalent 
to  3.8  cubic  feet,  and  all  proportioning  riiust  be  done  hy   i.ieans 
of  a  carefully  gau,'red  -.vheelbarrov;  or  other  ai-pai-atus  of  capaci- 
ty -.7hich  -;ill  be  deteriained  by  the  Architect  or  Engineer. 

The  concrete  used  throughout  the  structure  -^vith  the  exception 
of  piers  and  foundation  walls,  shall  be  coruposeci  of  one  pe.rt 
Portland  ce.'.ent  to  two  parts  sand  to  four  parts  of  stone,  such 
materials  to  answer  the  renuiren';ents  as  herein  specified. 

All  mixing  shall  be  by  machinery  except  such  hand  mixing  as 
may  be  allcred  by  specia.l  a.rrangement  '^-ith  the  Architect  or 
Engineer. 

If  concrete  is  mixed  by  hand  the  sand  and  comment  shall  be 
spread  upon  the  mixinr  board  in  thin  layers  and  turned  with 
spades  until  the  mixture  is  of  uniform  color.   Stone  and  v;ater 
sha,ll  then  be  added,  and  the  mass  shall  then  be  "urned  at  least 
three  times,  not  counting  the  shoveling  off  the  board. 

Preference  will  be  riven  to  revolving  batch  machines  which 
automatically  measure  the  ingredients  of  the  i.iix.   mixing  must 
be  very  carefully  and  thorof.rhly  done.   Enough  \7a.ter  must  be 


used  to  make  the  mass  ^^lastic  enough  to  run  freely,  in  other 
-.vorcls,  a  \ret   rnix  will  be  required  for  all  reinforced  concrete 
work.   i?or  massive  concrete  -.vor:-:,  only  enough  v;ater  -.-.-ill  Toe 
used  to  make  the  concrete  plastic;  not  so  v/et  but  that  it  nay 
be  churned  \7ith  a  light  tamper  sufficient  to  quake  the  mass. 

The  concrete  shall  be  placed  in  i.iosition  immediately  after 
mixing  and  before  the  initial  set  shall  have  taken  place. 

No  reteinpering  of  concrete  xrhich  has  been  allo"-ed  to  stand 
until  the  initial  set  Inas  taken  place,  will  be  allowed  unless 
by  special  permission  of  the  Architect  or  Engineer. 

The  nixing  and  ^..lacing  of  concrete  will  be  as  far  as  prac- 
ticable a  continuous  operation,  and  when  it  is  necessary  to 
make  a  joint,  it  shall  be  made  in  the  middle  of  a  panel  at 
right  anrlee.  to  the  beam.s  and  by  mee.ns  of  a  stop  board  placed 
in  a  vertical  i^osition  a.nd  containing  a  key  on  the  side  next 
to  the  block  first  placed.   V/lien  these  stop  boe.rds  are  removed, 
the  exposed  surfaces  of  concrete  shall  be  wet  and  carefully 
du:;ted  with  neat  cer/.ent  or  painted  with  mortar  befor^^^^  continuing 
the  next  block. 

Concrete  must  be  icept  wet  for  one  week  softer  depositing,  and 
in  dry  hot  weather  must  in  addition  be  kept  from  exposure  to  the 
sun  during  this  timie,  or  arrangerients  be  made  for  constant 
sprinkling. 

'.'7aterproofing. 

The  roof  surface  shall  be  waterproofed  in  the  following  man- 
ner 


The    surface    to  he   coated   shall  "ce    painted  \Yith  asphalt    re- 
duced v/ith  naptha,    then  a    thin   layer   of  hot   asphalt    shall  be 
applied  and   thorou,n-hly  mopped   over,    then  a   coat    of  aspha.lt   and 
clean  dry    sand    in   the    proijortion  of  one    p.\rt   asphalt    to   three 
parts   sand  by    voluirie;    this   coat    to  be    thoroug"-ly   aixed   in  the 
kettle   and   spread  on  vrlth  v;arrn  smoothing!-   irons;    the    finishing- 
coat    to   consist    of  pure   hot   asphalt    spread   thinly   and   evenly 
over   the    surface   and   then   sprinkled  with   pravel.      Ihe    finished 
coat    shall  be   about   3/4   inch   thick. 

All  asphalt    shall    .e    of  the   best    grade,    free    from  coal   tar 
or   coal   tar   i^roducts. 

It   raust    not   volatilire   more    than   one -half  of  one   per  cent 

o 

under  a   terapera.ture    of  300      ?ahr.    for    10  hours.       It   must   not 

be   affected  by    20  per   cent    solution   of  arnraonia;    35  per   cent 
solution  of  hydrochloric   acid.;    25  per   cent    solution  of   sulphur- 
ic  acid  nor  by   a   saturated   solution  of   sodiun  chloride.      It 

a  d 

must   not    flo-7  under   185      ?ahr.    nor  becoi.ie   brittle   above   0     ?ahr. 
General   Conditions  and  Requirements. 

The   Contractor    shall   furnish  a  bond   in   the    sum  of  one -fourth 
of  the   ajaonnt    of  his   contract  witn  a    sa:isfactory    surety   com- 
pany  as   surety   that   the   contract  will  be    fulfilled. 

Should   their  be   any   discrepancy   between   the    drawings   and 
specifications,    between   scale    or   full   size    drawing  and  between 
scale    of  the    drawings  and   figures   on   the    sane,    the   matter   she.ll 
be    referred   to    the   Architect    or  Snrineer,    and  his   decision   shall 
be    followed. 


The  Architect  and  Engineer  will  p-ive  all  datum  lines  and 
levels  necesss.ry  for  the  prosecution  of  the  \York  a.nd  be  respon- 
sible for  the  accuracy  thereof. 

The  Contre.ctor  shall  give  to  che    proper  s.uthorities  8.11  re- 
quisite notices  relating  to  the  ^York  in  his  cha.rge  and  shall 
conforn  to  all  la  ;s  and  ordinancec  affecting  sane,  shall  obtain 
all  official  pernits  and  licenses  required  and  pay  all  proper 
fees  for  the  sarne ,  and  he  shall  pay  for  any  other  legal  ch-arges 
from  city,  county,  state  or  federal  officers- 

The  ■;^^ori:  shall  be  suitably  protected  by  red  cautionary  lights 
at   nirht  and  by  ■.-.■atchirien  if  necessary. 

The  execution  of  the  work  will  be  entirely  at  the  Contractor's 
risk  and  he  v/ill  be  liable  for  its  safety.   The  Contractor  will 
be  liable  for  all  cases  of  personal  injury  which  may  occur  dur- 
inp-   the  progress  of  the  ■.-.•ork. 

All  royalties  for  patonis  or  claims  for  the  infringements 
thereof  that  may  be  invoj-ved  in  the  construction  of  this  work 
shall  be  included  in  the  contract  amount  and  the  contractor 
shall  satisfy  all  demands  that  ma.y  be  made  at  any  time  for  such 
royalties  and  be  liable  for  any  damages  or  claims  for  infringe- 
ments of  patents. 

At  periods  not  less  than  30  days  apart  on  the  request  of  the 
Contractor,  the  Architect  or  Engineer  will  mc-ke  estimates  of  the 
value  of  raaterial  furnished  and  labor  perforiied,  and  the  aiaount 
of  such  estimates  less  10  per  cent  will  be  paid  by  the  contract- 
or by  the  owner  withinp:  Zq   days  a.fter  such  estimate  has  been  pre- 


sented  for  payment.  The  final  payment  v/ill  be  made  in  60  days 
after  tiie  completion  of  the  v/ork  and  the  acceptance  thereof  by 
the  Architect  or  sng-ineer  on  behalf  of  the  owner. 

On  completion  of  the  -ork  the  Contractor  shall  ren.ove  from 
the  site  all  debris  and  rubbish  at  such  times  as  may  be  directed 
by  the  Architect  or  Engineer.  , 

The  Architect  or  Engineer  -yill  ha\"e  an  Inspector  on  this 
\vork,  whose  duties  vill  be  to  see  that  these  specifications, 
the  plans  and  contract  are  faithfuj.ly  fulfilled,  and  that  all 
■"vork  is  of  a  strictly  first-class  ch-:.ra.cter. 

The  Inspector  -'vill  have  no  Jurisdiction  over  the  ---ori-ai-ien, 
but  he  ^-;iil  report  all  violations  of  the  specifications,  ..lans, 
or  contract,  or  any  departure  from  strictly  first-class  v.^ork, 
to  the  '-ontractor  or  his  highest  representative,  verbally,  and 
to  the  Architect  or  Enr.^ineet  in  writing. 

If  such  defective  v/ork  be  not  mad^  good  iirj-aed lately  after 
such  v;-.rbal  notification  on  the  part  of  the  Inspector,  then  the 
Architect  or  Engineer  -'vill  give  -/ritten  instructions  to  .he 
Gontractor  to  make  same  r-ood,  and  any  violation  or  disregard 
of  such  v/ritten  instructions  on  the  part  of  the  Contracotr  will 
be  considered  to  be  a  violation  of  the  contract,  (  SuJiJect  to 
the  Arbitration  Clause  of  the  Uniform  Contract.) 

The  inspector  will  be  paid  by  the  Architect,  Engineer  or 
Orner  and  will  receive  no  compensation  fror-_  the  Contractor. 


^eoi^    D/Qoro/ns   /or 
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UNIFORM  CONTRACT. 


FORM  OF  CONTRACT 


®I|t0  K^Yummt 


I  tho  year  oue  thoueand  nine  hundred  and _ by  and  between 


party  of  the  first  part  (hereinafter  designated  the  Contractor      ),  and 


— party  of  the  second  part  (hereinafter  designated  tlie  Owner      ), 

I99unPBB(tl](  that  the  Contractor    ,  in  consideration  of  the  agreements  herein  made  by  the  Owner    , 
agree      with  the  said  Owner      aa  follows  : 

Article  I,    The  Contractor    shall  and  will  provide  all  the  materials  and  perform  all  the  work  for  the 


as  shown  on  the  drawings  and  described  in  the  specifications  prepared  by 

Architect,  which  drawings  and  specifications  are  identified  by  the  signatures  of  the  parties  hereto,  and 
become  hereby  a  part  of  this  contract. 

Art.  II.  It  is  understood  and  agreed  by  and  between  the  parties  hereto  that  the  work  included 
in  this  contract  is  to  be  done  under  the  direction  of  the  said  Architect,  and  that  his  decision  as  to 
the  trae  construction  and  meaning  of  the  drawings  and  specifications  shall  be  final.  It  is  also  under- 
stood and  agreed  by  and  between  the  parties  hereto  that  such  additional  drawings  and  explanations  as 
may  be  necessary  to  detail  and  illustrate  the  work  to  be  done  are  to  be  furnished  by  said  Architect, 
and  they  agree  to  conform  to  and  abide  by  the  same  so  far  as  they  may  be  consistent  with  the  purpose 
and  intent  of  the  original  drawings  and  specifications  referred  to  in  Art.  I. 

It  is  further  understood  and  agreed  by  the  parties  hereto  that  any  and  all  drawings  and  specifi 
cations  prepared  for  the  purposes  of  this  contract  by  the  said  Architect  are  and  remain  his  property, 
and  that  all  charges  for  the  use  of  the  same,  and  for  the  services  of  said  Architect,  are  to  be  paid  by 
the  said  Owner 

Art.  III.  No  alterations  shall  be  made  in  the  work  except  upon  written  order  of  the  Architect ; 
the  amount  to  be  paid  by  the  Owner  or  allowed  by  the  Contractor  by  virtue  of  such  alterations  to  be 
stated  in  said  order.  Should  the  Owner  and  Contractor  not  agree  as  to  amount  to  be  paid  or  allowed, 
the  work  shall  go  on  under  the  order  required  above,  and  in  case  of  failure  to  agree,  the  determination 
of  said  amount  shall  be  referred  to  arbitration,  as  provided  for  in  Art.  XII  of  this  contract. 

Art.  IV.  The  Contractor  shall  provide  sufficient,  safe  and  proper  facilities  at  all  times  for  the 
inspection  of  the  work  by  the  Architect  or  his  authorized  representatives  ;  shall,  within  twenty-four 
hours  after  receiving  written  notice  from  the  Architect  to  that  effect,  proceed  to  remove  from 
the  grounds  or  buildings  all  materials  condemned  by  him,  whether  worked  or  unworked,  and  to  take 
down  all  portions  of  the  work  which  the  Architect  shall  by  like  written  notice  condemn  as  unsound  or 


impropei-,  or  as  in  any  way  failing  to  conform  to  the  drawings  and  specifications,  and  shall  make  good 
all  work  damaged  or  destroyed  thereby. 

Art.  V.  Should  the  Contractor  at  any  time  refuse  or  neglect  to  supply  a  sufficiency  of  properly 
skilled  workmen,  or  of  materials  of  the  proper  quality,  or  fail  in  ^ny  respect  to  prosecute  the  work  with 
promptness  and  diligence,  or  fail  in  the  performance  of  any  of  the  agreements  herein  contained,  such 
rofusal,  neglect  or  failure  being  certified  by  the  Architect,  the  Owner  shaU  he  at  liberty,  after  three 
days  written  notice  to  the  Contractor  ,  to  provide  any  such  labor  or  materials,  and  to  deduct  the  cost 
thereof  from  any  money  then  due  or  thereafter  to  become  due  to  the  Contractor  under  this  contract ; 
and  if  the  Architect  shaU  certify  that  such  refusal,  neglect  or  faUure  is  sufficient  gi-ound  for  such 
action,  the  Owner  shall  also  be  at  liberty  to  terminate  the  employment  of  the  Contractor  for  the  said 
work  and  to  enter  upon  the  premises  and  take  possession,  for  the  purpose  of  completing  the  work 
included  under  this  contract,  of  all  materials,  tools  and  appliances  thereon,  and  to  employ  any  other 
person  or  persons  to  finish  the  work,  and  to  provide  the  materials  therefor  ;  and  in  case  of  such  discon- 
tinuance of  the  employment  of  the  Contractor      shall  not  be  entitled  to  receive  any  further 

payment  under  this  contract  until  the  said  work  shall  be  wholly  finished,  at  which  time,  it  the  unpaid 
balance  of  the  amount  to  be  paid  under  this  contract  shall  exceed  the  expense  incurred  by  the  Owner 
in  finishing  the  work,  such  excess  shall  be  paid  by  the  Owner  to  the  Contractor  ;  but  if  such  expense 
Hliall  exceed  such  unpaid  balance,  the  Contractor  shall  pay  the  difference  to  the  Owner  .  The 
expense  incurred  by  the  Owner  as  herein  provided,  either  for  furnishing  materials  or  tor  finishing  the 
work,  and  any  damage  incurred  through  such  default,  shall  be  audited  and  certified  by  the  Architect, 
whose  certificate  thereof  shall  be  conclusive  upon  the  parties. 

Art.  VI.  The  Contractor  shall  complete  the  several  portions,  and  the  whole  of  the  work  com- 
prehended in  this  Agreement  by  and  at  the  time  or  times  hereinafter  stated,  to  wit  : 


Art.  VII.  Should  the  Contractor  be  delayed  in  the  prosecution  or  completion  of  the  work  by  the 
act,  neglect  or  default  of  the  Owner  ,  of  the  Architect  ,  or  of  any  other  contractor  employed  by 
the  Owner   upon  the  work,  or  by  any  damage  caused  by  fire  or  other  casualty  for  which  the  Contractor 

...not  responsible,  or  by  combined  action  of  workmen  in  no  wise  caused  by  or  resulting  from 
default  or  collusion  on  the  part  of  the  Contractor  ,  then  the  time  herein  fixed  for  the  completion  of  the 
work  shall  be  extended  for  a  period  equivalent  to  the  time  lost  by  reason  of  any  or  all  the  causes  afore- 
said, which  extended  period  shall  be  determined  and  fixed  by  the  Architect  ;  but  no  such  allowance 
.shall  be  made  unless  a  claim  therefor  is  presented  in  writing  to  the  Architect  within  forty-eight  hours 
of  the  occurrence  of  such  delay. 

Art.  VIII.  The  Owner  agree  to  provide  all  labor  and  materials  essential  to  the  conduct  of  this 
work  not  included  in  this  contract  in  such  manner  as  not  to  delay  its  progress,  and  in  the  event  of  fail- 
ui-e  so  to  do,  thereby  causing  loss  to  the  Conbaotor  ,  agree  that will  reimburse  the  Con- 
tractor     for  such  loss  ;  and  the  Contractor      agree      that  if ..shall  delay  the  progress  of  the 

work  so  as  to  cause  loss  for  which  the  Owner      shall  become  liable,  then shall  reimburse  the 

Owner  for  such  loss.  Should  the  Owner  and  Contractor  fail  to  agi-ee  as  to  the  amount  of  loss 
comprehended  in  this  Article,  the  determination  of  the  amount  shall  be  referred  to  arbitration  as  pro- 
vided in  Art.  XII  of  this  contract. 

Art.  IX.  It  is  hereby  mutually  agreed  between  the  parties  hereto'  that  the  sum  to  be  paid  by  the 
Owner      to  the  Contractor      for  said  work  and  materials  shall  be 


The  final  paytoent  Shall  be  made  within... 
jluded  in  this  contract,  and  all  paymc 

If  at  any  time  there  shall  be  evidence  of  any  lien  or  claim  for  which,  if  established,  the  Owner  of 
the  said  premises  might  become  liable,  and  which  is  chargeable  to  the  Contractor  ,  the  Owner  shall 
have  the  right  to  retain  out  of  any  payment  then  due  or  thereafter  to  become  due  an  amount  suflBcienfc 

to  completely  indemnify against  such  lien  or  claim.     Should  there  prove  to  be  any  such  claim 

after  all  payments  are  made,  the  Contractor  shall  refund  to  the  Owner  all  moneys  that  the  latter 
may  be  compelled  to  pay  in  discharging  any  lieu  on  said  premises  made  obligatory  in  consequence  of 
the  Contractor      default. 

Art.  X.  It  is  further  mutually  agreed  between  the  parties  hereto  that  no  certificate  given  or  pay- 
ment made  under  this  contract,  except  the  final  certificate  or  final  payment,  shall  be  conclusive  evidence 
of  the  performance  of  this  contract,  either  wholly  or  in  part,  and  that  no  payment  shall  be  construed 
to  be  an  acceptance  of  defective  work  or  improper  materials. 

Art.  XI.     The  Owner      shall  during  the  progress  of  the  work  maintain  insurance  on  the  same 

against  loss  or  damage  by  fire, 

the  policies  to  cover  all  work  incorporated  in  the  building,  and  all  materials  for  the  same  in  or  about 
the  premises,  and  to  be  made  payable  to  the  parties  hereto,  as  their  interest  may  appear. 

Art.  XII.  In  case  the  Owner  and  Contractor  fail  to  agree  in  relation  to  matters  of  payment, 
allowance  or  loss  referred  to  in  Arts.  Ill  or  VIII  of  thia  contract,  or  should  either  of  them  dissent  from 
the  decision  of  the  Architect  referred  to  in  Art.  VII  of  this  contract,  which  dissent  shall  have  been  filed 
in  writing  with  the  Architect  within  ten  days  of  the  announcement  of  such  decision,  then  the  matter 
shall  be  referred  to  a  Board  of  Arbitration  to  consist  of  one  person  selected  by  the  Owner  ,  and  one 
person  selected  by  the  Contractor  ,  these  two  to  select  a  third.  The  decision  of  any  two  of  this  Board 
shall  be  final  and  binding  on  both  parties  hereto.  Each  party  hereto  shall  pay  one-half  of  the  exponae 
of  such  reference. 


3ln  IliitnPBfi  lIII)Pl*Pflf,   the  parties  to  these  presents  have  hereunto  set  their  hands  and  seals 
the  day  and  year  tii-st  above  written. 
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